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1 Higgs decay 10 points

Show that, to lowest order, the decay width of the Standard Model Higgs boson to bb̄ pairs is
given by
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2 Majorana spinor fields 20 points

One way of defining the charge conjugate of a fermion field ψ is (in the Dirac representation):

ψc = iγ2ψ
∗.

(a) Show that ψc satisfies the Dirac equation.

The most general expression for the lagrangian density arising from scalar bilinears in the fermion
field is

Lm = D ψ̄LψR +A ψ̄c
LψL +B ψ̄c

RψR + cc.

(b) Show that ψc
L ≡ (ψL)c = (ψc)R.

(c) Self-conjugate fields are defined by, χ ≡ ψL + ψc
L and ω = ψR + ψc

R. Express Lm in terms
of these new fields.

(d) Now let χ′ ≡ γ5χ and ω′ ≡ γ5ω. What is Lm in terms of the fields χ′ and ω′?

(e) In the special case B = 0, find the mass eigenstates in terms of χ and ω. Compute the
corresponding masses.

(f) The new types of mass term ψ̄c
LψL and ψ̄c

RψR are known as Majorana mass terms. Show
that these new terms are not invariant under U(1)em transformations. What does this
imply for their potential use in particle physics phenomenology?


